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Adhesion

* Van der Waals interaction

* |nter-diffusion

* Entanglement of polymer
chains

* Covalent bonding

Fracture

Chain pull-out

Chain
scission

Viscous
dissipation

* Bond breaking kinetics
* Chain pull-out
* Viscous dissipation



Strength of an adhesive joint

Strength _  Strength of X Viscoelastic
of ajoint = interface amplification

Understanding interface is
a good starting point




Understanding Interfacial Adhesion

Thermodynamics:

- O -
Free energy
of adhesion Surfap ©
energies

Structure-property relationship:

Prediction based on

Orientation

Polarity

Polarizability
Donor-Acceptor interaction



Thermodynamic methods to
estimate enerqy of interaction

Heat of Adsorption:
SI02

——— PDMS
Chain
PDMS in
Isooctane é O &ﬁw
E O

Wettability:

9]

g Oy

g(L+cosq)=g,- g,

Good, Girifalco
and Fowkes Eq.

9

J

DF



Various methods used to
estimate fracture energy

Peel test Single overlap
Force
shear test

g Peel angle

Adhesive i !

Adherend 1

Double overlap
shear test

Blister test

Liquid in




A direct method to estimate
adhesion and surface energy
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Adhesion Hysteresis

Unloading

a’?/R Loading

P/a3?

* \iscoelastic

* Interfacial



Controlled environment
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Deformable elastomer of various
surface energies

P

PDMS
R
O, SAM
Plasma + Silane
PDMS PDMS

R = CH,, CF,, CH,Br, CH,OH, CO,H, NH,, etc.



AN
o

w
)
|
>

N
o
|

:
L4
L4
8'
L4
:
,
L4
O O
’
~ O

gsv (contact angle), (mJ/mz)

[N
o

20 30

=
o

Osv (JKR), (MI/m°)

R = CH,, CF,, CH,Br, CO,CH,, OCH,

40



JKR measurements can be
done under aliquid

Micropipette
(surfactant) White light

Water
Mi v To Video
Icroscope —» System

Structure of a surfactant

~~* C,H,c(OCH,CH,),

Haidara, Chaudhury, Owen



Interfacial Tension (ergs/cm?2 )

Gibbs Plots for liquid-vapor and
liguid-solid interfaces
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Mica coated
with polymers

Polymer films Soft Elastomers

Cross cylinders
coated with
polymers




Surface Energy, mJ/m’
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Figure 5. Comparison of the surface energy estimated using the geometric mean
approximation and the surface energy measured using the SFA for several polymers.

]/;mm”. . is estimated by measuring the contact angles of several liquids. 7 and y are

calculated for each pair of liquids, and the mean value is reported. The scatter in the data
indicates that the assumptions associated with the geometric mean approximation do not
hold in some cases.

From PhD Thesis
Of V. S. Mangipudi,
Courtesy of

A.V. Pocius, 3




JKR method to study H bonding
Interaction

Oxidized PDMS

Silica <50 A

Grafted PDMS
(50 A, 100 A)

Si wafer
Si Si
O O

H H
i H bonding interaction

o



0.009
A‘AA“M%‘Ml :::::I “5
0.008 - . s Eﬁ
A v ¢ ® g
A ¢ %
0.007 1 o :
0 . ¥ 3
o * Ij
1 v .. « 3
S 0.006 { 92K v o §
D: | e V
L?. 18K o G‘Q
—
© 0.005 - 11K T "5
0.004 - oK 4KA
0.003 ' ' ' '
75 50 25 0 25

-10.0

P/a"* (X10” dyne/cm ™)



Dependence of fracture energy on
molecular weight of polymers

]_]_UO B | T |

o 0T PDMS®* on
~N grafted PDMS
£ 500 5
G
300
PDMS®* on
100 methyl SAM
. [ ] . l_. -_ l.
1x10” 2X10" 3x10°

M

n

Lake-Thomas Effect
Energy dissipation due to
Orientation and relaxation
of polymer chains



Application of contact mechanics to
study stronqg adhesion (chain scission

PDM S Networ k
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Three model systems for fracture stud
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Chain pull-out in fracture

{ Elastomer A

HQLE Elastomer B

LOAD Crosslinked Polymer

Block
copolymer

+«—— Preannealed
polymer

Silicon
substrate

Creton, Brown and Shull, Macromolecules, 27, 3174, 1994

Deruelle, Leger and Tirrell, Macromolecules, 28, 7419, 1995
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Bridging the Gap between contact
mechanics and peel experiments

Contact Mechanics Samples

Release Coating

About 200 nm thick

Cross-linked PSA -LN-NoAA

Release agents spin coated onto mica
Floated off in water

Picked up on oxygen corona-treated PSA-LN-
NOAA cylinders

Courtesy of A. V. Pocius, 3




Release Agents

=0
)
fCHz)
CH,
poly(vinyl N-alkyl
carbamates)
n=9=>PVNDC

n=17=>PVNODC

Courtesy of A. V. Pocius, 3




Contact Mechanics Samples

PSA-LN-NoAA = 90% 2-ethyl hexyl
acrylate + 10% 1,6-hexanedio
diacrylate (sample is almost elastic
but with no possibility of silicone
contamination)

PSA-LN-10AA = 80% 2-ethyl hexyl
acrylate + 10% acrylic acid + 10%
1,6-hexanediol diacrylate

PSA-LN-10DMAEA = 80% 2-ethyl
hexyl acrylate + 10% dimethylamino
ethyl acrylate + 10% 1,6-hexanediol

diacrylate

Courtesy of A. V. Pocius, 3

Prepared in capillary tubes (1 mm radius),
degassed and initiated with AIBN




Surface Energy (mJ/m?) of PSA-LN’sand Release Coatings

Sample | PSA- PSA- PSA- PVNDC |PVNO
LN- LN- LN- DC
NoAA | 10AA 10DMA
EA
Surface | 28+1 32+3* | 22 20+0.6 | 20+1
Energy (18)

Work of Adhesion (mJ/m?) Between
PSA-LNs and Release Coatings

PSA-LN-NOAA | PSA-LN-10AA

PVNDC 40.2+1 27.3+1
PVNODC 39.7+1 34.2+1
PSA-LN-10DMAEA 44.5

Interfacial Energy (mJ/m?) Between
PSA-LN’s and Release Coatings

PSA-LN-NoAA PSA-LN-10AA

PVNDC 7.6+1 24.3+3
PVNODC 7.6+1 17+3
PSA-LN-10DMAEA -12

Courtesy of A. V. Pocius, 3



Adhesion Energy as a Function of Reduced
Crack Propagation Rate - Correlation of Peel
and Contact M echanics M easur ements
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Courtesy of A. V. Pocius, 3




Other Methods

Rolling Contact Mechanics
Cantilever Beam

Peel

Kendall's Pull-Off Method



Rolling Contact Mechanics
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Contact Mechanics using cantilever
beam

Elastic Flexible Cover glass
Film

Rigid glass Slide

Film: h = 150 nm, m= 1.0 MPa




Wavelenqgth :
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Interfacial Instability

Meniscus Instability in a Helle Shaw cell

Wavelength
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Effect of Confinement

So Thick Elastic Film
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Isotropic situation:

d
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Substrate

Bifurcation
solutions

Solution exist:

U, (X1,X5) = Uyg(X5) sin(2px,/1 )

U,(X1,X5) = Uy(X5) SIN(2px,/1 )

van der Waal’s spring constant >

elastic spring constant

| ~h

% A. Ghatak, M. K. Chaudhury, V. Shenoy and A. Sharma,

PRL, Vol 85, 4329-4332 (Nov. 13, 2000).

2001).

% V. Shenoy and A. Sharma, PRL, Vol 86, 119-122 (Jan. 1,



Derivation of work of adhesion :

e 92
W 2Dk4gc- d(ak +1)° c-d(l+ak)

+ +2Dk* >

3 C2(akP4aki o 0
—lak K+ 2 :

_ 6(ak )’ +15(ak)+9
d =cx 4 3 2
4A(ak)* +18(ak)’ +30(ak )’ + 24(ak)+9

k = (E/Dh)v4

D = Rigidity of plate

E = Elastic modulus of film



Hydrophobic glass against PDMS film
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Kendall’ s equation:

Force Pull-off force ~ (WE/t)Y2
Rigid W = Work of adhesion
Stud E = modulus of coating
Coating

t = thickness of coating

Pull-off Force:

60

Stud diameter = 7.2 mm
50
40 *
- stud
5 enoXV
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10 {- SU—
y=138x+29
R' =069
n | Courtesy:
0.00 1,00 200 300 400 _
- Patter son and Singer



Some Anomalous Pedal Results

Different Surface Free Energies

-CF, [FC]
-CH, [HC]
P

Ayesive

V&, ~(Si(CH5),0),CH,

= [PDMS]

G~q”?

Different Phase States

R R



Fracture Energy, G (J/m?)
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Fluorescent
Particles

Surface
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Summary

« JKR method of contact mechanics
bridges surface chemistry and
mechanics.

 While JKR method has been quite
successful, alternate methods
could provide complementary
Information.

« Examination of adhesion induced
surface instability could provide
valuable information of adhesion
and fracture of interfaces.



